The leather and textile industries, pharmaceutical and agrofood processes have been and are the objectives of research projects based on this approach. Higher productivity with the water available, water and chemicals recovery and reuse in the process itself are constant positive fall out of these studies.
INTRODUCTION
The potentialities of membrane operations for a rational waste water management in a wide spectrum of industrial areas and for municipal water treatment have been indicated for many years (1) (2).
Significant progress has been made confirming the hypothesis, and a large number of installations are in operation today world-wide. Various problems however still exist, limiting the growing of these technologies. Education is one of them. Efforts to promote a better knowledge of membrane technology are in the programs of the ESMST, for example, through its annual Summ er Schools. The NSF in the USA in 1991 organized a Workshop for engineering educators. Its purpose was to expose faculty who teach undergraduate students to recent technological developments in membrane technology and new related experimental techniques and to present to them methods of incorporating the materials into the curriculum . The most appropriate utilization of these technologies in wastewater management moreover requires often their use not as an additional process for cleaning the wastes produced but the rationalization of the industrial cycles reducing the waste waters where they originate, improving chemicals reuse and recovery.
The initial costs for this approach are not marginal and high ecological education or strong legislation are necessary for their acceptance.
Technological limitations also exist in various membrane operations related in part to the not yet satisfactory membrane and module performances, to membrane fouling, to the lack of experience in the control and design of membrane units, etc. The possibility to design integrated membrane processes combining one or more membrane operations with other techniques might be an interesting answer to most of these problems.
Integrated production pollution-controlled systems can be realized at the best with these technologies combined with a reduction of direct and indirect energy consumption. The availability of new membranes like the inorganic and ceramic ones will also contribute to the growing of their applications.
A narrow pore size mechanical, thermal membranes. Mineral surfaces (e.g. aluminium) are resistant enough to endure the continuous bombardment of fluidized particles, or even the friction of transported solids A wide spectrum of inorganic membranes is available today based on ceramic, metals and inorganic polymers.
The majority are used only in microfiltration and ultrafiltration operations, and in gas s treams treatment. Most of the commercial ones are homogeneous microporous membranes, with a minimal pore diameter of 0.2 J.lItI.
Cross flow microfiltration is expected to be one of the membrane processes which will grow significantly in the next years. Their possible use in various applications was anticipated based on their properties. However these expectations until now have not been yet confirmed. In the dairy industry for example, less than 10% of the membranes used today are ceramic.
A similar situation characterizes the area of juice clarification. Long term fouling is one of the problems affecting most of the existing RD and UF membranes. New pre-treatment technologies and cleaning procedures might limit the phenomena. Inorganic membranes might be interesting candidates to operate under the new conditions. Membrane operations which can be used at industrial level are listed in Table I . Pressure driven membrane process separation systems can be considered basic unit operations. Electrodialysis and pervaporation are two other mature techniques. All these processes are simple in their basic principles and in their realization. Their plants, compact and modular, can be introduced in sophisticated cycles such as those, related to the production of ultrapure water, biotechnological products, etc. or in low technological ones as in the tannery industry.
The cases which refer to the leather industry, the agrofood and pharmaceutical industries will be discussed in this paper. In the tanning industry most of the operations require considerable water consumption, high concentratiomof tanning substances and other chemical species.
The low efficiency of the operations, characteristic of this industrial sector, is at the origin of significant pollution phenomena.
In the unhairing operation, for example, about 60% of the sulphide and in the tanning operation about 30% of the trivalent supplied are discharged in the waste waters without having been utilized in the process.
In Italy about 250 M$ will be invested in tertiary stages (3).
initial chromium directly
The obtainable results are compatible with the law limits for almost all the pollution agents typical of the process with exception of chloride, sulphate, ammonium and COD.
The second problem of the tanning industry is the disposal of the sludges. Their placing into dumps, the only way today practicable, had a cost of 12 M$ in 1986 (3). The operating phases of the tannery cycle where membrane processes have been already applied or are under investigation are reported in Table II. In the following a description of the possibilities offered by those membrane processes is given.
The global waste water from treatment plants (primary plus secondary) could be treated by using reverse osmosis membranes for obtaining a permeate with characteristics that permit its reuse in the tannery process itself. The efficiency of the treatment of global waste water for primary (or without primary treatment) could be increased by using an enzyme membrane reactor in which enzymes or cells are immobilized. A proteolytic enzyme from the genus Bacillus has been used.
Mixing the effluents from soaking, deliming, and pickling all together in a single waste give the possibility to apply an integrated process of ultrafiltration followed by reverse osmosis for treating about 50% of the total waste water volume at low pollution content. The permeate from the reverse osmosis stage could be used in the same cycle.
The effluent from the unhairing operations is particularly interesting because the discharged volume is about 10% of the total and the pollutant load is about 40% of the total. By means of an ultrafiltration treatment the sulphide components are collected in the permeate and can be recycled after adjusting the concentrations to their original value while the proteic species having high molecular weight are retained in the concentrate (4, 5) . In Fig. 1 a flow sheet of the plant is presented.
The effluents from degreasing contain fat substances initially present in the hides and surfactants used for degreasing that give a lot of problems in the operation of biological treatment plants. The recovery of fats and surfactants in the form of emulsion by means of an ultrafiltration plant in pilot scale gave good results. The emulsions obtained as concentrate have been used in the fattening process of the hides after the tanning. The surfactant obtained in the permeate can be used for further degreasing after adjustment of the concentration to the correct value. , the ratio tannin/total soluble solids (that is the degree of purity) increased from 51.6 to 58.7 per cent while the concentration of tannin increased from 2.67 to 4.10 per cent. The recovered tannin could be reused without negative effects on the leather quality. The waste waters from the dyeing section are usually coloured and at temperature of about 60·C. The use of the reverse osmosis for recovering the hot water as permeate and, when possible, also the dyes and the auxiliaries, has been studied in the textile dye-works. From experiments on textile dyeing waste water, using a pilot plant of reverse osmosis, it has been found that at least 97% of the dyes must be removed in order that the permeate can be reused without problems for other formulations of dyes.
Reuse of tanned wastes needs the reduction of the chromium content below the dangerous values. One of the processes for recovering proteins and chromi u m from chrometanning wastes (8) is based ( Figure 2 ) on the comminution of the waste product to be treated, the alkaline hydrolization of the comminuted product (in presence of Ca (OH) 2 and/or MgO), the filtration of the suspension to separate the precipitate (proteins) from the solution (chromium) , the neutralization and purification of the solids by means of resins and reverse osmosis to provide a proteinaceous nutriment substantially free of chromium, the concentration and drying of the solids.
Chromium recovered can be recycled in the tannery; the detanned by-products can be utilized as a function of the chromium content (9). The tanned and also the non-tanned residues could be treated with enzymatic preparations for the recovery of chromium, fats and protein substances.
Various UF units are already operating at industrial level particularly in the dehairing stage.
A national research program will be conducted during the next three years in Italy to explore all the potentialities of these technologies for innovating the tanning cycle. 
FIG. 2 SCHEME OF A PROCESS FOR RECOVERING PROTEINS AND CHROMIUM FROM CHROME-TANNED WASTES (8).
utilizable in the washing phase, reducing the energy and the water amount required in the dye house.
Energy and exergy analysis might contribute to a correct evaluation of the potentialities of such processes in the industrial cycles.
The cycles that have been used, as an example of application of the energy analysis, are reported in figures 3 and 4 (15) . In the first one a reverse osmosis (RO) plant and in the second one an integrated reverse osmosis-membrane distillation (MO) plant have been introduced for the dye waste bath recovery.
In both the recovery cycles it has been supposed to reuse only the hot water permeate.
The concentrate dye bath reduced, in the RO or in the RO+MD plants, to a final volume about 10% or about2.5 %, with respectto the exhausted dye bath volume, can be reused for the preparation of other dyeing recipes or is discharged.
wi th reference to the dye pad without recovery the results of the energy and exergy analysis are summarized in Tab. III.
With respect to the cycle without recovery it is possible to observe a significant saving in thermal energy (W'u) , in flow energy (Ex) and in the lost energy (Rs. To) for both the cycles with recovery. Between these las t ones, greater savings for the cycle with RO+MO are observed. This shows in principle a convenience in using integrated RO+MO plants for obtaining concentrated solutions.
Also, in Table III , the calculation of the substitution coefficient (n)
show basically the same results.
AGROFOOD INDUSTRY
A large number of studies have been carried out in the agrofood industry where UF and RO units have been introduced in various processes. Direct and indirect energy reduction characterize these applications.
Food industry traditionally requires large amounts of thermal energy particularly in the sterilization, concentration and drying of the products.
Reverse osmosis is the membrane technology which is subs tituting in various industrial plants evaporation processes (e. g. brackish water and sea water desalination) ; its growing in the food industries is also significant. From energy analysis it appears that the evaporation step requires the largest amount of thermal energy when compared to the other steps.
A comparison study of the traditional evaporating technique with an innovative cycle has been carried out in ref.
(16) .
In Figure 5 an alternative cycle for the concentration of tomato paste from 5. 5 Brix to 29 Brix is shown.
The concentration step may be performed by means of RO modules. Of course in this case the inlet temperature my be rather low and in the considered case has been assumed to be 300 K. Therefore a heat recovery can be introduced. Also the overall heat need is decreased due to the possibility of a heat recycle according to the fact the RO unit is fed at much lower temperature. The proposed solution has some practical operating difficulties, the biggest one being the high osmotic pressure driving from the desired high concentration level of the treated juice. Other technological difficulties arise from the fouling of the membranes, the concentration, polarization and the increased viscosity during the process which limit the life time and the efficiency of the proposed plant. 
III
Energy and exergy comparison among the three cycles 
FIG. 5 CONCENTRATOR STEP IN THE ALTERNATIVE CYCLE WITH INTEGRATED MEMBRANE PROCESSES.
An answer to the outlined problems may be found in integrated membrane processes. In principle it is possible to make a first gross separation between the pulp and an aqueous solution containing low-molecular-weight compounds such as mineral salts, vitamins, etc. This can be achieved by means of an appropriate choice of a microfiltration membrane unit positioned after the pulper and the finisher. The solution is then concentrated in a typical RO unit that operates in much better conditions than in the previous proposed cycle. The two outcoming fluid currents are then mixed together in order to reconstitute the product. The exergy analysis has been performed for the traditional cycle and the alternate cycle. In Table IV a comparison of the two cycles in terms of electric energy (Wu), thermal energy (W'u) and total exergy variation (Ex) respect to the total entropy losses (To Rs) is reported. It appears that in the case of MF/RO cycle there is a better repartition of the energetic and exergetic inputs. The possibility of rationalizing the wine industry with integrated membrane systems particularly when large scale production of high quality wine is requested, is also attractive. In Fig. 6 a possible suggested cycle is presented. As shown, grapes must can be stabilized and clarified just after the pressing, by cross-flow microfiltration or ultrafiltration, without changing the sugar content or the low-molecular-weight fraction of polyphenols but controlling the high molecular-weight polyphenols amount. This must will be an ideal substrate for the action of selected yeasts. Reverse osmosis or membrane distillation can be used to concentrate to an optimum sugar content the must before fermentation, when necessary. Similar studies carried out in pharmaceutical processes demonstrated once more the possibility of improving productivity and also quality, decreasing in the meantime the pollution phenomena, when membrane separation operations were applied. The production and recovery of glycopeptides for example through a process based on an ultrafiltration enzyme reactor reduces significantly the pollution problems, due to the lower chemicals consumption and to the possibility of recovery and reuse of by-products. We assume therefore that membrane engineers will have more and more opportunities to contribute to the solution of waste water problems. 
